Background. Laparoscopic surgery for phaeochromocytoma can cause excessive catecholamine release with severe hypertension and sinus tachycardia. I.V. calcium antagonists may be used to prevent increases in blood pressure during phaeochromocytoma resection. We investigated the effects of perioperative a 1 adrenergic block with urapidil on intraoperative haemodynamic events. The aim was to block the a 1 adrenergic receptors before any acute catecholamine release, to prevent any severe rise in blood pressure.
Removal of an adrenal phaeochromocytoma is often performed laparoscopically. 1±3 This approach provides several advantages over conventional surgery: less pain, reduced hospital stay, and more rapid return to normal activity.
4±6
During surgery for phaeochromocytoma, there is a risk of hypertensive events because of excessive catecholamine secretion, especially during tumour manipulation. With laparoscopic surgery, such catecholamine secretion may occur as soon as the pneumoperitoneum is created. 7±9 It is of pivotal importance to limit the effects of such release through preoperative preparation of the patient and perioperative use of drugs that block the effects of catecholamines on a 1 receptors. 10 However, there is a risk of severe hypotension after the tumour removal when long acting a 1 blockers are used. Urapidil, a competitive and selective short acting a 1 blocker is also an agonist at central serotoninergic receptors. After an i.v. bolus dose of 25±50 mg, it acts within 5±10 min. Its high bioavailability (72%), high clearance (1.8±3.8 ml min ±1 kg
±1
) and short elimination half-life (2±4.8 h) renders urapidil, administered i.v., an alternative treatment for such patients. 11 We have previously shown that perioperative infusion of urapidil may be effective in controlling intraoperative hypertension in these patients.
Patients and methods
From April 1997 to September 2003, 18 consecutive patients scheduled for laparoscopic adrenalectomy for phaeochromocytoma (the ®rst nine of whom have been previously reported 12 ) were studied after informed consent had been obtained. The diagnosis of phaeochromocytoma was based on clinical signs (headache, sweating, palpitations, and hypertension), biochemical tests (urinary metanephrine and normetanephrine), and radiological imaging (CT scan and 131 I-metaiodobenzylguanidine scintigraphy). Histological con®rmation was obtained after surgery in all patients. Preoperative preparation was started 15 days before surgery using the oral a 1 adrenergic blocking agent prazosin (5 mg day ±1 ), and the b adrenergic blocker bisoprolol (10±20 mg day ±1 ). Three days before surgery, these drugs were replaced by a continuous i.v. infusion of urapidil (10±15 mg h ±1 ), which was maintained throughout anaesthesia.
Anaesthesia
The patients were premedicated with oral midazolam 5 mg. After radial artery cannulation, general anaesthesia was induced using i.v. propofol 2 mg kg ±l and sufentanil 0.8 mg kg ±l . Tracheal intubation was facilitated with cisatracurium 0.15 mg kg ±l . Anaesthesia was maintained with end-tidal iso¯urane or sevo¯urane concentrations of 1.5±2.5%, respectively, and a continuous infusion of sufentanil 30±40 mg h ±l . Neuromuscular block was achieved by a continuous infusion of cisatracurium 30 mg h ±l . The patients were mechanically ventilated with oxygen 100%, and ventilation was adjusted to keep end-tidal PCO 2 between 4.7 and 6.0 kPa. Isotonic saline or Ringer's lactate solution was infused intraoperatively at a rate of 10±15 ml kg ±l h ±1 . The variations in systolic pressure during mechanical ventilation (D down) were used to detect hypovolaemia and to improve¯uid replacement. 13 Patients were then placed in the lateral position, and the pneumoperitoneum with carbon dioxide was produced with the intra-abdominal pressure maintained below 15 mm Hg.
Haemodynamic assessment
Arterial blood samples were collected for determination of plasma concentrations of epinephrine and norepinephrine before induction of anaesthesia (T 0 ), after the induction± laryngoscopy±orotracheal intubation sequence (T 1 ), at the end of peritoneal insuf¯ation (T 2 ), during adrenal gland manipulation (T 3 ), after gland resection (T 4 ), and in the recovery room when the trachea has been extubated and the patient was haemodynamically stable (T 5 ). Hypertensive peaks [systolic arterial pressure (SAP) >160 mm Hg] were treated with i.v. boluses of nicardipine 2±4 mg to maintain SAP between 120 and 160 mm Hg. I.V. boluses of esmolol 1±1.5 mg kg ±l were used if the heart rate exceeded 100 beats min ±l . Hypotensive episodes (SAP <80 mm Hg) were treated with i.v. boluses of ephedrine 3±6 mg and a colloid infusion (Elohes â 500 ml) when D down was more than 10 mm Hg.
Statistical analysis
Data are expressed as mean (SD) in the case of parametric distributions. Comparison of SAP before and after treatment was carried out using the Student's paired t-test. The plasma catecholamine values were expressed as median and range because of the heterogeneity of the results. Friedman's test was used to compare their variation at the different measurement points. The relationship between plasma catecholamine levels and SAP at different surgical time points was carried out using Spearman's test for nonparametric values. The same test was used to check the in¯uence of preoperative urinary metanephrine and normetanephrine levels on catecholamine levels during the surgical procedure. A P-value of 0.05 was taken as the minimum level of signi®cance.
Results

Patient and surgical characteristics
Patient characteristics are shown in Table 1 . One patient had a bilateral phaeochromocytoma (no. 7). Preoperative cardiac evaluation was normal (ejection fraction >60%) in all patients. Blood pressure (<150/90 mm Hg) and heart rate (<100 beats min ±l ) were controlled by urapidil (250 mg day ±1 ).The duration of surgery varied between 150 and 360 min [mean 181.1 (58.1) min]. Duration of the pneumoperitoneum was 94.2 (37) min (40±210 min). A transperitoneal or retroperitoneal laparoscopic approach was performed in 16 and 3 cases, respectively. No conversion to open surgery was necessary. Mild hypercapnia, 6.9 and 6.5 kPa, respectively, was noted during the retroperitoneoscopic surgery in two patients without any subcutaneous emphysema.
Haemodynamic events
The variations in plasma epinephrine and norepinephrine concentrations during the laparoscopic adrenalectomy are given in Table 2 . They varied signi®cantly throughout anaesthesia (P<0.05). Creation of the pneumoperitoneum (T 2 ) and adrenal gland manipulation (T 3 ) were particularly associated with high levels of plasma catecholamines. Table 3 summarizes the intraoperative haemodynamic problems and their management. We observed no correlation between the preoperative urinary metanephrine and normetanephrine levels and intraoperative catecholamine secretion. No correlation was noted between intraoperative SAP and the plasma epinephrine and norepinephrine levels recorded throughout the study at T 2 (r=0.4) and T 3 (r=0.2).
Outcome
One patient received a blood transfusion (haemoglobin <7 g dl ±1 ) because of adrenal vein injury that was controlled intraoperatively. On the ®rst postoperative day, three patients remained hypertensive and were treated with oral urapidil 60 mg day ±1 . The duration of hospital stay was 4 days in all cases. Six months later, all patients were normotensive and none were receiving treatment.
Discussion
This study demonstrates that creation of a pneumoperitoneum and tumour manipulation are associated with marked catecholamine release ( Table 2 ). The haemodynamic changes in these patients were controlled during the preoperative period by a l block using urapidil, and in the intraoperative period by low doses of nicardipine and/or esmolol. Moreover, after tumour removal, transient hypotension was easily corrected by low doses of vasopressors and¯uid volume expansion if necessary. In these 18 cases, the low morbidity rate, the lack of surgical conversion, and the short hospital stay suggest that the laparoscopic approach is suitable for the surgical treatment of phaeochromocytoma as noted in previous reports. 4 6 Our study corroborates previous reports showing signi®-cant catecholamine release with a large variation between patients during pneumoperitoneum. 7 9 The triggering factor for catecholamine release, in the absence of major surgical stimuli or visceral dissection of the phaeochromocytoma, is probably the mechanical effect of the pneumoperitoneum. 14 15 Adrenal manipulation and dissection during laparoscopy also induce signi®cant catecholamine release. 9 16 There is still some controversy over whether laparoscopy produces more or less haemodynamic change, and more or less catecholamine secretion than open surgery. 17 18 Resection of a phaeochromocytoma by retroperitoneoscopy can induce a hypertensive crisis. 19 The triggering factor for haemodynamic instability is the adrenal gland manipulation irrespective of the type of laparoscopic procedure (trans-or retroperitoneal) performed. 3±6 Large tumour size, prolonged duration of anaesthesia (presumably related to more dif®cult resection of the tumour), and increased levels of preoperative metanephrines have been considered signi®cant independent risk factors for adverse perioperative events in open surgery. 20 However, we found no correlation between preoperative urinary metanephrine and normetanephrine levels and intraoperative plasma catecholamine concentrations. Our ®ndings suggest that intraoperative catecholamine release depends mainly on surgical manipulation of the phaeochromocytoma, and cannot be predicted by preoperative data. It has been reported that massive catecholamine release could induce malignant hypertension, adult respiratory distress syndrome, 21 and reversible myocardial depression. 22 In our series, two patients (nos 5 and 18) experienced unexpected high catecholamine plasma levels (321.735 pg ml ±1 of norepinephrine and 203.279 pg ml ±1 of epinephrine at T 2 , and 95.566 pg ml ±1 of norepinephrine and 161.547 pg ml ±1 of epinephrine at T 3 ) without adverse effects, suggesting a protective effect of the perioperative a 1 block. Further studies are needed to con®rm our observations. Large tumour size (>7 cm) limits the feasibility of laparoscopic surgery, increases the duration of surgery, and increases the amount of tumour manipulation producing dramatic haemodynamic changes. 20 However, in our series, we were able to remove a large tumour (patient no. 18, 10 cm) without serious haemodynamic changes.
Preoperative pharmacological preparation with a l adrenergic agonists prevents peroperative hypertensive episodes. 23 24 Prazosin and urapidil are the a 1 agonist agents used in France even though few data are available concerning the use of urapidil for this indication. Preliminary reports have raised the possibility of using this perioperative a l block alone to control peroperative haemodynamic disorders. 10 12 The use of b adrenergic block particularly in the absence of arrhythmias is still controversial. 23 24 During surgery for phaeochromocytoma, there are two problems: the risk of blood pressure surges because of catecholamine release, and the risk of cardiovascular collapse at the time of tumour removal. The haemodynamic changes are well treated by the combined use of nicardipine and esmolol. Nicardipine is a titrable short-acting calcium channel blocker without any effect on preload, and esmolol is a titrable ultra-short acting b adrenergic blocking agent.
25 26 The acute decrease in plasma catecholamines can induce cardiovascular collapse, that any persistent preoperative a 1 block may potentiate. 23 So a titrable shortacting a l adrenergic blocker also represents a logical treatment in such a situation. 10 12 Moreover, in contrast to b blockers and calcium channel blockers, the a l adrenergic block does not affect other aspects of blood pressure regulation. Exclusive use of nicardipine has been reported in the perioperative preparation of these patients as well as in 
BP=blood pressure (mm Hg); HR=heart rate (beats min ±1 ).
the control of intraoperative hypertension. 9 27 28 However, large doses varying from 10.5 to 31 mg h ±1 were necessary to control blood pressure. Intraoperative treatment of hypertension with urapidil may also be dif®cult in these circumstances because high doses (150±300 mg) are needed, increasing the risk of sustained hypotension requiring i.v. norepinephrine therapy after removal of the tumour. 29 In our series, however, the four patients with transient hypotension after tumour removal responded rapidly to treatment.
The present study shows that intraoperative hypertensive events were transient and independent of high catecholamine plasma levels, hence suggesting partial or total block of the a l adrenoreceptors. The ultra-short elimination halflife of plasma catecholamines and the continuous competitive a l block produced by urapidil are probably the reason why hypertension was only transient. Dose±response studies with urapidil would be of interest but their feasibility is limited by the low incidence of this pathology.
Induction of anaesthesia, laryngoscopy and tracheal intubation may increase sympathetic activity. This sequence was performed using a continuous infusion of urapidil without notable haemodynamic variation. The use of a b blocker is reported to precipitate cardiac failure in these patients, 23 but was necessary in six patients in our series. Interestingly, in the patient with Prinzmetal's angina (patient no. 5) in whom b blockade may increase the risk of coronary spasm, 30 it was given without any side-effect because of the preoperative a 1 block.
In conclusion, our ®ndings demonstrate the surges in catecholamine release can occur during laparoscopic adrenalectomy for phaeochromocytoma. They con®rm that insuf¯ation of the pneumoperitoneum as well as tumour manipulation result in signi®cant catecholamine release and acute haemodynamic changes. However, we found no signi®cant correlation between the hypertensive events and plasma catecholamine levels. The perioperative use of selective a 1 block with urapidil represents a simple and effective treatment of the haemodynamic variability encountered in such surgery. 
